Optogenetics has become an important tool for the study of successfully generalizing optogenetic results requires the use of more than a single illumination regime.
Introduction
For scientific research, interventional methods have been central to establishing causal relationships (Lewin, 1947; Midgley, 2003; Miesenböck & Kevrekidis, 2005; Thiese, 2014) . Genetic lesion studies, for example, are critical to determine gene function (Baratz et al., 2010; Chong et al., 2015; Katsanis, 2016; Muenke et al., 1994) . Similarly, neuronal activation and inhibition experiments identify links between behaviours and neurons (Bernstein & Boyden, 2011; Deisseroth, 2015; Fenno, Yizhar, & Deisseroth, 2011; Packer, Roska, & Häusser, 2013) . For analyzing the function of neural circuits, optogenetic activation has become one of the most-used techniques.
Using light to actuate photosensitive proteins that are encoded by DNA enables neuroscientists to rapidly manipulate genetically circumscribed neurons (Miesenböck, 2009) . Following pioneering methods used to control neuronal function with light (Banghart, Borges, Isacoff, Trauner, & Kramer, 2004; Lima & Miesenböck, 2005; Szobota et al., 2007; Volgraf et al., 2006; Zemelman, Lee, Ng, & Miesenböck, 2002; Zemelman, Nesnas, Lee, & Miesenbock, 2003) , the microbial opsins have found the widest application in optogenetics (Deisseroth, 2015; Fenno et al., 2011) . Microbial opsins are photosensitive seven-transmembrane proteins, typically ion pumps, channel proteins, or regulators of ion channels. Upon light activation, they modulate transmembrane voltage (Fenno et al., 2011; Miesenböck, 2009 ) . The blue-light sensitive cation channel Channelrhodopsin-2 (Chr2) was the first microbial opsin used to control neuronal activity (Boyden, Zhang, Bamberg, Nagel, & Deisseroth, 2005) . Chr2 has been iteratively engineered for improved photoconductivity, as well as for diverse wavelength sensitivities (Deisseroth, 2010; Guru, Post, Ho, & Warden, 2015; Lin, 2011 
Material and methods

Fly care and strains
Flies were prepared as previously described (Mohammad et al., 2017 The ORN-Gal4 (Couto, Alenius, & Dickson, 2005; Fishilevich & Vosshall, 2005) and UAS-CsChrimson (Klapoetke et al., 2014 ) stocks were obtained from the Bloomington Drosophila Stock Center. All flies used in the study were starved on 2% agarose for 12-18 hours prior to the experiments.
Optogenetic behavior apparatus
An optogenetic apparatus was designed somewhat similar to one previously described (Mohammad et al., 2017) . A 
OSAR data analysis: wTSALE metric
Fly position data recorded by the CRITTA software were analyzed by custom-built Python scripts. The light preference of flies is determined by analyzing the proportion of time they spend in the illuminated zone once they discovered it. We termed this metric Time Spent
After Light Encounter (TSALE). Given that some flies discover the light from the start, and some never do, we weighted TSALE linearly with a number ranging from 0 to 1:
flies that never encountered the light could not inform us about the light preference and had a weight of 0; flies who discovered the light from the start provided the most insight and weighted by 1 (weighted-TSALE; wTSALE 
A.
Flies are loaded in a darkened arena and given a choice between red light and dark.
B. An example trace of a fly that spends most of its time in the dark zones after encountering red light (blue arrows). Red boxes indicate when the fly is walking through red illumination.
Flies avoid pulsed activation of Gr21a neurons
For Drosophila , CO 2 acts a stress odor and triggers an avoidance response (Suh et al., 2004) . The gustatory receptor Gr21a is one of the two receptors that mediate CO 2 aversion (Jones, Cayirlioglu, Kadow, & Vosshall, 2007; Kwon, Dahanukar, Weiss, & Carlson, 2007; Suh et al., 2004) .
Artificial activation of Gr21a neurons is sufficient to elicit avoidance (Suh et al., 2007 ) . Here, we tested Gr21a avoidance by optogenetically activating these neurons with either static or pulsed light. While continuous photoactivation was aversive only at the lowest light intensity (4.65 μW/mm 2 , Fig 2A) , pulsed light triggered aversion at all three intensities (Fig 2B) . This dramatic behavioral difference between static-and pulsed-light activations indicates that the presence or absence of oscillations can alter the behavioral effect of optogenetic actuation ( Fig 2C) . Fig 3A) , whereas pulsed light did not trigger any behavioral response (Fig 3B) . The discrepancy between the two types of light stimuli is largest at the highest light intensity with a ΔwTSALE of -0.22 [95CI -0.35, -0.09] (Fig 3C) . 
Static-and pulsed-light activations of Or59c and Or85c elicit distinct valence responses
Of the ~60 types odor receptors expressed in the fly head,
innate valence properties have been tested for a subset (Bell & Wilson, 2016) . We tested two receptors (Or59c and Or85c) with unknown valence responses. Stimulation of the Or59c receptor neurons with static light produced strong aversion at the lowest light intensity ( Fig 4A) ; the effect was markedly lower in the pulsed-light stimulation ( Fig   4B-C) . For the Or85c receptor neurons, while static light did not elicit any valence (Fig 4D) , pulsed-light activation evoked aversion in the two lower light intensities ( Fig   4E-F) . These results further validated that static-and pulsed-light stimuli may elicit considerably different behavioral responses. 
D.
Static-light stimulation of the Or85c neurons does not elicit any valence response.
E. Pulsed-light stimulation of the Or85c neurons is aversive at the two lower intensities. but not static light (Fig 4A-F) . Interestingly, all of the olfactory responses induced by Or59c and Or85c neurons occured at the lower light intensities (Fig 4A-B-E) , and did not increase as the light intensity increased.
Of the four ORNs tested in the present study, static-light stimulation performed better in eliciting olfactory responses than the pulsed light for two ORNs (Or92a, 
Should optogenetic activation mimic natural activity?
The extent to which optogenetic activation needs to mimic natural neuronal activity to recreate natural behaviors is not clear (Malyshev, Goz, LoTurco, & Volgushev, 2015; Miesenböck, 2009 
Conclusions
Optogenetics has been extensively used to study behavior; however, the extent to which illumination protocols influence experiment results has not been addressed 
